INTRODUCTION
Three specific human chromosome rearrangements have been reported in Burkitt's lymphoma and other B-cell neoplasms and each involves a reciprocal translocation between a specific region of chromosome 8 (8q24) and specific break points on human chromosomes 2, 22 or 14 (1) (2) (3) (4) . These same three chromosomes bear the kappa, lambda, and heavy chain human immunoglobulin genes, respectively (5) (6) (7) (8) (9) . Analogous translocations involving mouse chromosome 15 with chromosomes bearing kappa (chr. 6) and heavy chain (chr. 12) immunoglobulin genes have also been described in mouse plasmacytomas (10) . These observations led Klein (2) and Rowley (3) to propose that B-cell neoplasms may arise by translocation of part of an active immunoglobulin locus to the vicinity of a cellular oncogene thereby activating the one gene. Regional chromosome assignments of the human Ig genes are required to evaluate this proposal.
Although the molecular organization of both human and rodent immunoglobulin genes have been studied intensively, the distance between variable region and constant region Ig genes in germline cells is still unknown. Hence, regional chromosomal mapping of Ig genes might also provide information relating to the distance between these two regions which undergo activation by somatic rearrangement in lymphocytes.
The approach we have used to regionally localize the variable region, junctional, and constant region heavy chain genes on human chromosome 14 was to analyze DNA isolated from human/rodent hybrid cell lines containing a well characterized translocation of this chromosome with labeled DNA probes prepared from cloned Ig sequences. Our results indicate that all of these genes are located on a single subtelomeric band (14q32) of this chromosome.
These findings confirm and extend recent reports (11, 12, 13 ) localizing some heavy chain Ig genes to this same chromosome segment.
MATERIALS AND METHODS
Somatic Cell Hybridization. The parental human fibroblast line (GM0073) which was used for hybrid cell isolation contained a balanced translocation between the X chromosome and chromosome 14 ( Fig. 1 ). The karyotype of this line is 46X, t(X; 14) (Xpter > Xql3::14q32 > 14qter; 14pter > 14q32:: Xql3 > Xqter). These GMOO73 human cells and hprt~ Chinese hamster flbroblasts (CHTG49) were cocultivated (1:1 mixture) In plastic petri dishes (6 cm diameter) for 24 hrs until confluent before induction of cell fusion with 52.5% polyethylene glycol 1000 (14) . The culture medium was replaced with selective HAT medium (100 \H hypoxanthine, 1 \H amethopterin, 16 \H thymidine, 100 viM glycine) 24 hrs after cell fusion and this selective medium was replaced twice weekly. Ouabain (50 yM) was included during the initial 3 or 4 days of selection to prevent survival of nonhybridized human cells. These subcloned hybrid segregants were expanded in HAT and then cultured for one week in non-selective medium to permit survival of hybrid cell progeny which lost the t 14/X chromosome during continuing chromosome segregation.
Other human chromosomes were also lost from individual hybrid progeny during the interval following subcloning but it is unlikely that any of these other chromosomes would have been lost from an entire population of hybrid cells.
In the absence of additional subcloning, it could be anticipated that only the 14/X translocation chromosome would be selectively retained or lost from mass cell cultures in the HAT and thioguanine media, respectively. All in extracts of all hybrids cultured in HAT medium and it was absent from hybrid lines 33, 37 and 40 after growth in thioguanine medium (Fig. 4) .
Thus, we concluded that the normal human chromosome 14 was absent from these 3 hybrid lines and present in the other 6 lines. This interpretation was greatly strengthened by the unexpected observation that brain type creatine kinase (CKBB) did not segregate concordantly with NP in these hybrids.
Human CKBB was detected in extracts of all hybrids except lines 33 and 37, and the presence of this enzyme was unrelated to previous growth of the cells in either HAT or thioguanine selective medium (Fig. 5 ).
Since CKBB has been previously assigned to human chromosome 14, it must be located distal to the breakpoint on this chromosome in GM0073 cells. Thus, CKBB is a marker for the chromosome 14q32 band and this enzyme would be Hybridization of a cloned 2.6Kb epsilon constant region probe with DNA blots after BamHI digestion revealed intensely hybridizing bands of 2.6Kb and 6Kb
size and weak hybridization with a 9Kb band (Fig. 6 ). These 3 respective bands represent the active human epsilon gene and the two pseudogenes, tyel and \)ie2 (20, 22) . Both the human e and t|>el sequences were detected in all hybrid lines except 33H, 33T, 37H and 37T. In contrast, there is a different distribution of hybrid lines which contain the processed human Cell lines used for DNA isolation are shown above the lanes, H and T represent growth in HAT and 6-thioguanine, respectively. The conditions of DNA digestion, electrophoresis, transfer, and hybridization were identical to those described in Fig. 6 .
proximal portion of chromosome 14 was also present and that the 14/X translocation chromosome segregates discordantly with the human IgH genes in these lines. The alternate possibility that both of these human NP+ CKBB" hybrids (33H and 37H) retained an active normal human X chromosome, or X-chromosomal long arm, in combination with a proximal portion of chromosome 14 resulting from spontaneous breakage of this human chromosome during culture is considered unlikely. The additional requirement that this putative proximal fragment of chromosome 14 would have been retained non-selectively during culture in HAT while it was lost from parallel mass cultures of the same lines (33T and 37T) during growth in thioguanine is exceedingly improbable, but detailed karyotypic analysis will be required to exclude this very remote possibility.
Moreover, the presence of IgH genes in hybrid 40T in the absence of human NP indicates that the IgH genes are located on the distal portion of chromosome 14. The finding that CKBB segregates concordantly with the IgH genes and discordantly with NP means that CKBB is also located on 14q32.
The use of CKBB as a marker for human chromosome 14q32 requires consideration of several additional facts. Many established mouse and Chinese hamster fibroblast lines, and some human lymphoblastoid lines, do not express CKBB (24, 25) . Human and rodent CKBB are expressed independently of each other in human/rodent somatic cell hybrids; i.e., expression of CKBB from the inactive parental cell is not reactivated and CKBB expression from the active parent is not suppressed in these hybrids (24) . Two groups (25, 26) have assigned the CKBB locus to human chromosome 14 while two other groups (24, 27) concluded that the structural locus for CKBB is probably on this chromosome but, the presence of human chromosome 17, or other chromosomes, may also be required for human CKBB expression. Our results (and our unpublished studies) support all these conclusions except we find no evidence that expression of human CKBB requires the presence of any specific human chromosome in addition to no. 14. It is suggested that these conflicting interpretations may arise from the location of the CKBB locus on the telomeric end of chromosome 14. Matthyssens and Rabbitts (30) reported that one human V H family contained about 23 genes spaced at 12-16 Kbp Intervals, so that the entire V^ region containing a minimum of three V H families probably comprises at least 500-1000 Kbp.
The location and length of DNA occupied by diversity region genes is not clear but one of these genes is located within the human J^ cluster between i|â nd Ji (21).
The most common chromosome rearrangement associated with B-cell neoplasms is a reciprocal translocation between 8q24 and 14q32. Thus, assignment of all
IgH genes to band 14q32 is primarily important as it may relate to these neoplasms. Currently, chromosomal breakpoints cannot be determined with greater precision than about 1000 Kbp even using high resolution banding techniques The results also indicate that the orientation of IgH genes on chromosome 14
